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To all whom it may concern: 

Be It known that Markus Beer. Marco Resendahl and Wolfgang 
Stausberg have invented certain new and useful improvements in 

MULTILAYER COMPOSITE FILTER 
MEDIUM FOR SERIAL FIL TRA TION 



of which the following is a full, clear and exact description. 
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MULTILAYER COMPOSITE FILTER 
MEDIUM FOR SERIAL FILTRATION 

FIELD OF THE INVENTION 
5 (0001) The subject-matter of the invention is a multilayer composite 

filter medium for serial filtration with an onflow side and an outflow side with 
respect to a medium to be filtered. Composite filter media may be used as 
filter media in engine oil filters, transmission oil filters, fuel filters or air 
filters, with use in transmission oil filters being preferred. 
10 BACKGROUND OF THE INVENTION 

[0002] In the prior art, filters which comprise unitary filter mats are 
predominantly used today for the filtration of transmission oil and engine oil. 
These are usually nonwoven mats, which may contain glass, cellulose or 
15 synthetic fibres and also metal fibres. With these filter media, contaminants of 
a size from > 60|imcan be effectively removed from the liquid to be filtered. 
However, smaller particles usually cannot be adequately filtered with this 
material. 

[0003] With the development of new generations of engines and 
20 transmissions, in particular continuously variable transmissions (CVTs), it has 
become necessary to provide filter materials and filters which ensure a higher 
purit\- of the transmission oil. This is associated with the fact that, in C\Ts 
for example, the hydraulic control takes place electronically or else pressure- 
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dependently, and consequently the smallest contaminants are enough to 
interfere with the transmission control. The classes of oil purity necessary for 
the operation of transmissions of this t\pe can only be achie\ cd at present by 
including an additional pressure oil filter. Applications for increasing the 

5 purity of engine oil are also possible. 

[0004] In future, it is intended to be possible for the entire spectrum of 
dirt particles to be filtered in a filter by suction oil filtration, and for the 
necessary oil purity class to be achieved by the step alone. To ensure this, it is 
therefore urgently required to provide filter materials which are more efficient 

10 with respect to their retention of contaminants and can also retain 

contaminants of smaller size. For this purpose, the properties of the filter 
media must be improved, in particular with regard to pressure loss during 
filtration, filtration efficiency and dirt take-up capacity. 



15 prior art to use multilayer filter materials. The aim with theses multilayer 
filter materials is what is known as serial filtration, in which the coarse 
particles are initially separated out by means of one or more filter media and 
the fine particles are subsequently separated out by means of one or more 
other filter media. Composite filters of this type are currently already being 

20 used in transmissions, in particular on the American market. These are 

composite filter media which comprises a nonwoven filter mat and a wo\ en 
filter fabric material, which are thermally bonded by means of an adhesix e. 



[0005] To solve the problems concerned, it is already known from the 
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Open-woven polyester adhesi\ es, which are laid in the fomi of coarse-meshed 
gauzes with irregularly distributed meshes between the nonw oven filter mat 
and the wo\ en filter fabric, are often used as the adhesive. Adhesive in 
granular form, which are sprinkled onto the materials, are also used. After 
5 that, the filter layers are adhesively bonded by heating. 

[0006] However, these composite fibers have the disadvantage that, on 
account of the adhesive used and the full surface-area bonding, there is a 
considerable reduction in the filtration capability of the filter medium, since 
the adhesive closes the open pores of the woven filter fabric to the greatest 

10 extent and consequently greatly reduces the effective filtration surface area. 
Furthermore, the adhesive gauzes used have an entirely random gauze 
structure, which leads to irregular adhesive bonding. Consequently, some 
points in the filter medium have a better filtration capability than other points, 
at which for example higher adhesive concentrations are present. This results 

15 in composite filters with very different properties with regard to pressure loss, 
filtration efficiency and dirt take-up capacity, so that filter production with 
standardized properties is not possible. Rather, considerable quality 
fluctuations occur during production and the production of filters of this type 
is extremely expensive. 

20 (0007) A further disadvantage is the durability of the adhesive bond. 

Filter media arc exposed to considerable temperature fluctuations, which in an 
extreme case can lie betw een -30 and -160"C. The strength of the adhesive 
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bond is clearly put under strain at high temperatures and at low temperatures. 
For example, the strength of the adhesive bond is considerably reduced in 
particular at high temperatures, so that a partial detachment of the fiher layers 
from one another often occurs at these temperatures. 
5 [0008] This has also had the effect that composite filters have not 

become established in this area in the past, with unitary filter mats being used 
instead as filter media in the majority of cases. 

[0009] Furthermore, it is attempted in the prior art to achieve 
improvements in the filtration by pleating the filter medium. Filter sheet 

10 material folded in zigzag form is very often used here, in particular to increase 
the surface area of the filter media while keeping the spatial volume as small 
as possible. Filters of this type, in particular for engine oil and transmission 
oil, are described for example in DE 19735993 Al, WO 01/45823 Al and DE 
4227744 Al . In these cases, zig-zag-shaped filter media are used both in the 

15 oil filter area and in the air filter area. 



[0010] The technical object of the invention is therefore to provide a 
multilayer composite filter medium which ensures an adequate filtration of 
fine and coarse contaminants, has longest possible service times and can be 
20 produced by simple processes as a standardized filter medium with a defined 

filter surface area. Furthermore, optimized properties with respect to pressure 
loss, filtration efficiency and dirt take-up capacity are to be achie\ ed in 
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particular, to permit troublefree use in CVTs without additional pressure 
filtration. 

[0011] The technical object of the invention is achieved by a 
multilayer composite filter medium for serial filtration, with an onflow side 
5 and an outflow side with respect to a medium to be filtered, the filer medium 
comprising at least two filter layers of the same or different filter media and 
the filter layers being welded to another at defined points and/or areas over the 
complete surface, and at least one filter medium being arranged on the onflow 
side and at least one filter medium being arranged on the outflow side. 
10 [00121 An arrangement of this type achieves a serial filtration, in 

which firstly, within a pre-filtration, coarse particles are separated out in the 
nonwoven filter mat and subsequently the main filtration takes place in the 
woven filter fabric, and in this way dirt particles of a diameter greater than 
1 O^m can be removed. 



[0013] The following figure is intended to explain the invention in 

more detail: 

|0014| Figure 1 shows a multilayer composite filter medium according 
to the invention. The numeral 1 is the nonw oven filter mat, the numeral 3 
20 designates the woven filter fabric and number 2 indicates the ultrasonically 
w elded contours, which are distributed here in the fomi of a grid on the 
surface of the filter medium. 



15 
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DETAILED DESCRIPTION OF THE INVENTION 



10015] In a preferred embodiment, the composite filter medium 
comprises at least one filter layer of woven filter fabric and at least one filter 
layer of nonwoven filter mat. 
5 [0016] Furthermore, both the nonwoven filter mat and the woven filter 

fabric can be chosen with respect to their properties in a way corresponding to 
the requirements of the respective transmission, so that the necessary purity 
class for the medium to be filtered is ensured. 

|0017] In one particular embodiment, the multilayer composite filter 

10 medium has two filter layers, one filter layer comprising woven filter fabric 
and one filter layer comprising nonwoven filter mat. 

[0018] Filter mat materials are nonwoven composite textile materials 
in which the textile fibres are produced by entanglement, cohesive or adhesive 
bonds. Filter mat usually consists of polypropylene, polyester, 

15 polyhexamethylene adipinamides or viscose, the cohesion of which is 

generally provided by the bonding intrinsic to the fibres. These nonwoven 
filter mats may also be mechanically bonded, for example by needling, 
intermeshing or else by intermingling. Polyester nonwovens, which are 
preferably obtained as a condensation product of dimethyl terephthalate and 

20 ethylene glycol, are particularly preferred. Furthermore, these nonwoven filter 
mats are mechanically bonded by needling and, in a preferred embodiment. 



6 




ATTORNEY REF. NO. 87361 .3380 PATENT 

have a coating of phenolic resin, which is resistant in panicular to 
transmission oil or engine oil. 

10019] Referred to as woven filter fabric in the sense of the invention 
are products with crossed filaments of materials such as w ool, cotton, 
5 s>'nthetic fibres, carbon, metal, glass, asbestos fibres or else poKmer fibres. 
These woven filter fabrics have defined pore sizes, which determine the 
permeability of the woven filter fabric. In a preferred embodiment, a 
thermoplastic woven material, which may consist for example of 
polyethylene, polypropylene, polyhexamethylene adipinaniide, polyester and 

10 copolyments of these, is used as a filter fabric. 

[0020] In a preferred way, the particle retention of the nonwoven filter 
mats used is > 60^m , preferably > 100)im . The particle permeability of the 
thermoplastic woven filter fabrics used lies in the range of 10 to 60)am, 
preferably 25 to 45|am , particularly preferably 35 to 45|im . 

15 [0021] To simplify the welding of the woven filter fabric and 

nonwoven filter mat, it is preferred to use for the nonwoven filter mat and 
woven filter fabric a thermoplastic which has a melting and softening point 
which is as similar as possible. In a particularly preferred way, the nonw oven 
filter mat and woven filter fabric consist of the same thermoplastic material. 

20 [0022] By means of welding the filter media, for example nonwoven 

filter mat and woven filter fabric, a defined bond is achieved at quite specific 
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points and or areas of the filter surface. In a preferred way. these welded 
regions make up 0.5 to 15% of the surface of the composite filter medium. 
These may be distributed in the form of a grid or in any desired arrangement 
on the surface of the filter medium. In a particularly preferred embodiment, 
5 the welding points make up 1 to 10% and most particularly 2 to 8% of the 
surface of the composite filter medium. 

10023] The multilayer composite filter media according to the 
invention are produced as follows: 



10 into a gap between an upper mould and a lower mould, the filter layers are 
mo\ ed between the upper mould and lower mould and welded to one another 
at defined points and/or areas by activation of energy. After the welding, the 
bonded filter layers are removed from the mould. 



15 by ultrasonic welding. Ultrasonic welding is particularly preferred. 

|0026| In the case of ultrasonic welding, the filter layers arranged one 
on top of the other are arranged between the sonotrode and anvil of an 
ultrasonic welding device. The filter layers are subsequently welded to one 
another at defined points and/or areas with ultrasonic energy by activation of 

20 the sonotrode. Subsequently, the bonded filter layers are removed from the 

de\ ice. In a preferred embodiment, the wo\ en filter fabric side lies on the side 
facing the sonotrode during the ultrasonic welding. 



[0024J The filter layers arranged one on top of the other are introduced 



[0025] The welding may preferably take place by thermal heating, also 
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[0027] This production procedure ensures a solid and pemianeni bond 
betw een the filter media, without additional adhesive materials ha\ ing to be 
used. In this case, the welding contours are determined by the shape and 
arrangement of the welding regions. They are reproducible and consequently 
5 allow the production of a standardized composite filter. Furthermore, an 
undefinable adhesive clogging of the pores of the woven filter fabric, as 
occurs for example in the prior art due to the adhesives used, is avoided and it 
is ensured that the filtration function can be performed in an unhindered way, 
irrespective of the welding regions. 
10 [0028] Multilayer composite filter materials of this type are used in a 

preferred way as filter media in oil filters, air filters or fuel filters of motor 
vehicles and most particularly preferably in transmission oil filters of motor 
vehicles. 

[0029] A further subject-matter of the invention is a filter, containing 
15 the multilayer composite filter medium according to the invention. The filter 
medium preferably has in the filter a fiat, pocket-shaped or pleated form. 

(0030) With the multilayer composite filter medium according to the 
invention it is possible to achieve a greater efficiency in the suction and 
pressure oil ranges, in particular for transmission and engine applications. 
20 This involves a serial filtration, with coarser dirt particles being retained in the 
nonwoven filter mat and finer dire particles being retained in the downstream 
woven filter fabric in a preferred embodiment. By this structure of the filter 




ATTORNEY REF. NO. 87361.3380 



PATENT 



medium, the advantages of surface filtration and depth filtration are combined. 
With the composite filter medium according to the in\ ention, w hich is 
preferably bonded by means of ultrasonic welding, the filer medium is given a 
particular welding contour, which ensures the optimum open surface area, and 
5 consequently throughflow area, and on the other hand ensures pemianent 

bonding of the filtration layers. Furthermore, standardized production of such 
a filter medium is ensured and production with low tolerances is made 
possible. The filter media produced in this way also have improved properties 
with respect to pressure loss, filtration efficiency and dirt take-up capacity and 
10 can be used in particular for transmission oil filtration in CVTs, without an 
additional pressure oil filtration being necessary as in the past. Rather, 
satisfactory functioning of the transmission and maintenance of the oil purity 
classes necessary for this are ensured. 

15 Examples 

[0031] The following examples are intended to explain in more detail 
the advantages of the multilayer composite filter medium according to the 
invention. 

20 Materials used 

|0032| A chemically bonded nonwoven polyester filter mat w ith a 
downstream 40|im woven filter fabric was used for the tests. Both materials 
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consist of polyester. The materials were subsequently ultrasonically welded at 
a frequency of 20 kHz, an amplitude of 100%. a rate of 5 m, s and a distance 
between the sonotrode and roller of 1 .7 mm. The welding points were applied 
in the form of a grid, so that the welding points make up 2.5% of the surface 
5 of the fiher material. The properties of the composite filter medium produced 
in this way were subsequently compared with the composite filter medium 
produced in a conventional way by means of a coarse-meshed adhesive gauze. 

Flow test of the filter media 

10 [0033] The pressure drop of a filter at a chosen throughflow rate and 

temperature was determined for the composite filter media according to the 
invention and laminated composite filter media by means of a fiow test. The 
same test filters were measured in the same test oil and the same throughflow 
rate and temperature, once with laminated medium and once with 

1 5 ultrasonically welded medium. 



Table 1 



No. 


Type of 
bonding 


Throughflow 


Temperature 


Pressure 


1 


laminated 


20 1/m 


24"C 


244.6 mbar 


2 


laminated 


101/m 


-4"C 


599.6 mbar 


3 


welded 


20 1/m 


24 "C 


153.3 mbar ' 


4 


welded 


101/m 


-4T 


427.9 mbar | 



[00341 In the comparison of numbers 1 and 3, a reduction of the 

pressure drop by 37"? o at a temperature of 24"C is obtained. In the test at lower 
11 
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temperatures, a reduction of the pressure drop by 29" o is obtained in 
comparison of No. 2 with No. 4. 

[0035] These results show that the ultrasonically welded composite 
filter medium has a reduction in the pressure drop by about 30% in 
comparison with the medium laminated with adhesive. 

[0036) The flow test was carried out in accordance w ith ISO 3968, 
adapted for suction oil filters, with the pressure drop being represented by the 
throughflow. 
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